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All	  Models	  Are	  Wrong…	  
(the	  SSD	  is	  no	  excep/on!)…	  but	  some	  are	  beaer	  
than	  others.	  
ASSUMPTION	   PRACTICAL	  CONSEQUENCE	  
SSDs	  are	  independent	   Informa/on	  gained	  about	  each	  chemical	  risk	  
assessment	  will	  not	  strengthen	  learning	  of	  
future	  assessments.	  
Interspecies	  varia/on	  is	  aaributable	  to	  chemical	  
eﬀects	  only	  
Observa/on	  of	  some	  species	  being	  more/less	  
sensi/ve	  not	  accounted	  for.	  
Other	  sources	  of	  varia/on	  (e.g.	  inter-­‐laboratory	  
and	  intra-­‐species	  varia/on)	  are	  ignorable	  or	  
captured	  by	  an	  arbitrary	  assessment	  factor	  (1	  ≤	  
AF	  ≤	  5)	  
Confounding	  of	  the	  HC5	  interpreta/on	  –	  should	  
it	  just	  represent	  interspecies	  varia/on?	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If	  we	  have	  N	  chemical	  risk	  assessments,	  the	  usual	  SSD	  model	  is	  
a	  special	  (independence)	  case	  of	  a	  hierarchical	  model.	  
chemical	  1	   chemical	  2	   chemical	  3	   chemical	  N	  …………..	  
………..	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Model	  Assump8on:	  Each	  toxicity	  value	  can	  be	  decomposed	  into	  a	  linear	  sum	  
of	  a	  chemical	  eﬀect,	  a	  chemical:species	  interac/on	  eﬀect	  and	  an	  error	  term	  
yij = αi + βjσi + εij
εij ∼ N(0,σ2i )
Normality	  is	  generally	  accepted	  
by	  SSD	  prac//oners;	  although	  
can	  be	  subs/tuted	  with	  
something	  more	  suitable.	  	  
SSD	  interspecies	  variance	  parameters	  are	  
heterogeneous	  between	  chemicals	  i.	  
Therefore	  βj	  measures	  species	  posi/on	  as	  
number	  of	  standard	  devia/ons	  from	  mean	  
(log-­‐)toxicity.	  
	  
βj	  	  <	  0	  ?	  species	  j	  typically	  sensi/ve	  
βj	  	  >	  0	  ?	  species	  j	  typically	  tolerant	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μ,	  σα	   a,	  b	  
Hyper-­‐popula/on	  of	  
chemical	  eﬀects:	  	  
αi	  ~	  N(μ,	  σα2)	  
Hyper-­‐popula/on	  of	  
interspecies	  variances:	  	  
σi-­‐2	  ~	  Γ(a,	  b)	  
Bayesian	  Analysis	  
•  Need	  to	  ensure	  propaga/on	  of	  >	  1st	  level	  
uncertainty.	  
•  Update	  prior	  distribu/ons	  about	  the	  hyper-­‐
parameters	  using	  observed	  data	  to	  retrieve	  
posterior	  distribu/ons.	  
•  Use	  posterior	  distribu/ons	  to	  make	  hazard	  
assessment	  inferences	  for	  retrospecGve	  and	  
prospecGve	  chemical	  assessments.	  
Example	  
•  Ecotoxicity	  database	  extracted	  from	  the	  U.S.	  
EPA	  Web-­‐ICE	  database.	  1600	  E(L)C50	  values	  
(lethality	  or	  immobility)	  spanning	  201	  
chemicals	  (each	  with	  ni	  ≥	  5)	  and	  77	  species.	  
	  
hap://www.epa.gov/ceampubl/fchain/webice/	  
•  Prior	  distribu/ons	  chosen	  to	  closely	  represent	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Hyper-­‐parameter	  Posterior	  
Distribu/ons	  
median	  (+	  95%	  credible	  interval)	  
σβ:	  0.81	  (0.65,	  1.01)	  
σα:	  1.33	  (1.21,	  1.48)	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Es/mates	  consistent	  with	  European	  
Food	  Safety	  Authority	  (2005,	  EFSA	  J.	  
301,	  pp.	  1-­‐45)	  report.	  
	  
Equivalent	  to	  ≈	  3	  addi/onal	  
measurements	  	  →	  stabilizes	  
interspecies	  variance	  es/mate.	  
species	  :	  σβ	   chemical	  :	  σβ	  






































































































































































































































































































































































































































































































































































































































































































































Evidence	  that	  some	  species	  are	  more	  sensi/ve	  than	  others	  
β j
	  
Posterior	  summaries	  of	  βj	  
The	  Role	  of	  Taxonomy	  










The	  more	  taxonomically	  
spread	  species	  are	  in	  an	  
SSD,	  the	  larger	  the	  
interspecies	  variance	  will	  
be.	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Model
[Default]
[H: Q = !]
[H: Q = {!}]
n	  =	  5	   n	  =	  24	  
log10(HC5)	   log10(HC5)	  




Status	  quo	  =	  REACH	  Technical	  Guidance	  Document	  with	  log-­‐normal	  SSD	  
Extrapolate	  =	  ecosystem	  is	  an	  inﬁnitely	  large	  collec/on	  of	  species	  







•  The	  SSD	  concept	  is	  not	  defunct!	  	  
•  Hierarchical	  modelling	  and	  Bayesian	  sta/s/cs	  
open	  up	  the	  op/on	  for	  ‘beaer’	  modelling	  with	  
transparent	  uncertainty	  propaga/on.	  
•  Useable	  for	  mul/ple-­‐hypothesis	  tes/ng	  and	  
risk	  management.	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